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ABSTRACT 


The  oroqress  of  the  Manufacturing  Methods  and  Technology 
Program  for  Miniature  High  Voltage  Multiplier  Modules  is 
described  In  this  Second  Quarterly  Report. 

Work  was  concentrated  on  the  design  of  the  module's  com- 
ponents - the  capacitors,  substrates  and  rectifiers. 
Rectangular  multipliers  were  fabricated  and  tested. 
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PURPOSE 


This  Contract  covers  component  designs,  mounting  and  Inter* 
connection  techniques,  tooling  and  test  methods  and  other 
manufacturing  methods  and  techniques  required  for  production 
of  rectangular  and  curved  miniature  high  voltage  multiplier 
modules.  These  units  are  to  be  used  In  low  cost  power 
supplies  for  second  generation  Image  Intensifler  tubes. 

The  full  scope  and  details  of  the  specification  are  given 
In  SCS-495,  Appendix  A to  the  First  Quarterly  Report. 

Major  milestones  In  this  program  consist  of  delivery  of 
the  following  Items: 

(1)  First  and  second  engineering  samples  and  test  data. 

(2)  Production  line  layout  and  schedule. 

(3)  Confirmatory  samples  and  test  data. 

(4)  Production  line  set-up. 

(5)  Pilot  production  run. 

(6)  Production  rate  demonstration. 

(7)  Preparation  and  publication  of  a final  report. 

The  general  approach  Is  to  design  and  set-up  a cost-effective 
production  capability,  utilizing  already  established  device 
technologies  and  materials,  and  to  demonstrate  the  production 
line  capability  to  fabricate  at  the  rate  of  125  acceptable 
units  per  40  hour  week. 
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GLOSSARY  OF  SPECIAL  TERMS 


Caoacl tor 


Cure : 


Flash  test 


Hybrid : 


Mul tipi ler 
modules : 


Pad ; 


Rectifier: 


bank:  - Ceramic  wafer  with  metallizations  which 
perform  the  function  of  a number  of 
capacitors  connected  In  parallel  (parallel 
bank)  or  In  series  (series  capacitor  bank). 

- To  chanqe  the  physical  properties  of  a 
material  by  chemical  reaction  or  by  the 
action  of  heat  ana  catalyst. 

: - Test  consisting  of  Instantaneous  application 

of  voltage  at  Its  specified  value  to  the 
part, 

- Technolooy  combining  thick-films  (capacitor 
banks)  with  discrete  devices  (rectifiers). 

- Device  consisting  of  capacitor  banks  and 
rectifiers  connected  and  packaged  to  perform 
voltage  multiplication  and  rectification. 

- The  metallized  area  on  the  ceramic  bank 
acting  as  a plate  of  a capacitor  and 

used  to  make  an  electrical  connection  to  It. 

“ Semiconductor  device  with  one  or  more  p-n 


functions  connected  In  series. 
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*^ect1f1er-  - A substrate  with  rectifiers  placed 

substrate 

assembly:  and  secured  within  it. 

Substrate:  - Part  of  a multiplier  module  consisting 

of  a piece  of  Insulating  material 
machined  to  accommodate  the  rectifiers 
and  support  the  capacitor  banks. 


LIST  OF  SYMBOLS  AND  ABBREVIATIONS 


charqing  current  (uA) 
measured  capacitance  (pF) 
dissipation  factor  (X) 
frequency  (KHz) 

Input  capacitance  (pF) 
load  current  (nA) 
ripple  voltage  (V) 
breakdown  voltage  (V) 
Input  voltage  (Vp>p) 
output  voltage  (V  d.c.) 
efficiency  (X) 
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INTRODUCTION 


This  report  describes  briefly  the  progress  made  during 
the  period  fron  1 October  to  31  December  1976. 

In  the  Initial  effort  on  this  program,  described  in 
the  First  Quarterly  Report,  It  was  possible  to  establish 
capacitor  pad  design  that  would  reduce  stray  capacitance. 
Manufacture  of  prototype  substrates  assemblies  demon- 
strated the  unsuitability  of  the  originally  proposed 
design  regarding  diode  pellet  assembly  and  the  com- 
plexity of  Jigging  required  In  the  assembly  operation. 

A new  substrate  design  was  propjsed.  All  effort  Is 
on  the  rectangular  multiplier  and  once  the  major  problem 
areas  are  identified  and  resolved,  evaluation  of  the 
curved  multiplier  components  will  proceed. 
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2.  MULTIPLIER  DESIGN  AMD  I.,)^!(ACTER1ST1CS 

The  multiplier  des'gn  adopted  to  meet  this  program's 
specifications  was  described  In  the  First  Quarterly 
Report. 

Current  work  was  concentrated  on  the  Individual  com- 
ponents of  the  multiplier:  the  capacitors,  substrate, 

and  rectifiers. 

2.1  Capacitors 

The  first  prototype  sample  batch  of  capacitors, 
designated  TSK  25-250  and  TSK  25-251,  was 
electrically  tested  for  the  following  parameters: 

(a)  Capacitance  and  Dissipation  Factor 

(b)  Leakage  Current  at  bias 

(c)  Voltage  breakdown  and  Flash-test. 

For  results  see  Tables  1 and  2. 

The  capacitance,  dissipation  factor  and  leakage 
were  found  satisfactory.  Because  cf  the  stray  cap- 
acitance of  the  test  equipment  it  was  not  possible 
to  measure  the  capacitance  values  at  6KV.  Con- 
sequently, capacitance  values  were  calculated  using 
the  voltage  depression  factor  of  -30%  at  6KV  for 
the  K 1200  ceramic  supplied  by  the  Capacitor 
Manufacturer  (Erie  Technological  Products,  Inc., 
Erie,  PA). 
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The  flash  test  and  breakdown  voltage  values  Indicate  that 
the  capacitors  were  unable  to  meet  the  expected  volts/mll 
rating  (9KV).  Examination  of  the  failed  capacitors  revealed 
that  all  breakdowns  were  a direct  puncture  through  the  ceramic. 
Failures  were  sent  back  to  the  manufacturer  for  further 
examination  and  analysis.  The  leakage  currents  measured 
at  6KV  were  found  acceptable. 

The  flash  test  is  more  severe  than  the  gradual  increase  of 
voltage  on  the  capacitor  to  the  same  nominal  value  probably 
due  to  generated  transients.  While  passing  the  flash  test 
Is  very  desirable,  the  failure  of  one  or  even  more  pads  to 
withstand  the  flash  test  voltage  does  not  necessarily  mean 
that  the  capacitor  will  not  operate  satisfactorily  in  the 
multiplier.  We  have  chosen  9KV  as  the  flash  test  voltage 
which  Is  In  excess  of  what  any  capacitor  will  be  subjected 
In  operation  or  In  acceptance  testing. 

In  the  first  approximation,  the  maximum  voltage  on  a TSK 
25-251  capacitor  will  be  on  the  pad  connected  to  the  output 
lead  and  will  be  equal  to  the  output  voltage.  The  highest 
values  of  the  output  voltage  will  be  reached  during  over- 
voltage tests  and  according  to  SCS495  paragraph  3.3.4  will 
be  9KV  for  multipliers  with  efficiencies  less  than  88%  and 
7.8KV  for  multipliers  with  higher  efficiencies.  We  aim  In 
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our  design  to  achieve  efficiencies  above  £8%,  Other  pads 
1n  the  capacitor  bank  will  have  voltages  lower  by  1.3KV  per 
stage  away  from  the  output  stage,  I.e.  6.5KV,  5.2KV,  and  so 
on.  Assuming  the  efficiency  exceeds  881  the  highest  voltage 
on  a TSK  25-250  capacitor  will  be  equal  to  the  output 
voltage  of  7.8KV  reduced  by  the  last  diode  reverse  voltage 
drop  of  1.3KV,  I.e.  6.5KV.  Pads  farther  away  from  the  output 
will  have  lower  maximum  voltages  across  them;  5.2KV,  3.9KV, 
and  so  on. 

Basing  on  the  results  of  the  present  tests  and  on  the  results 
of  testing  the  multipliers  {Section  2.3),  the  TSK  25-250  and 
TSK  25-251  capacitors  are  acceptable.  It  would  be  however, 
Interesting  to  see  If  any  Improvement  In  breakdown  voltages 
could  be  achieved  by  redesigning  the  pad  layout,  without 
Increasing  the  capacitor's  thickness. 

The  capacitors  TSK  25-254  and  TSK  25-255  are  of  a version 
redesigned  to  Improve  dimensional  conformity.  The  result  Is 
a slight  reduction  In  pad  length  compared  with  previous  de- 
sign (Fig.  1 and  2).  A capacitor  bank  pair,  TSK  25-252  and 
TSK  25-253  was  designed  to  Improve  the  breakdown  voltages 
(Fig.  3 and  4).  In  all  four  new  capacitor  banks  the  common 
electrode  was  redesigned  so  as  to  Increase  the  tracking 
distance  from  the  high-voltage  output  lead.  The  TSK  25-252 
and  TSK  25-253  banks  have  U-shape  strip  back  electrodes 
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offset  toward  the  edges  from  the  capacitor  pads  on  the 
other  side.  This  Is  to  Increase  the  effective  dielectric 
thickness  between  the  pads  on  each  side  of  the  capacitor 
bank. 

Samples  of  rectangular  capacitors  of  the  original  and  new 
designs,  as  well  as  first  curved  capacitor  samples,  were 
ordered  from  Erie  Technological  Products,  Inc.,  Erie,  PA 
with  an  expected  delivery  of  4 to  5 weeks. 


2.2  Rectifiers 


The  rectifiers  are  manufactured  In-house  by  an 
established  process  for  high-voltage  rectifiers 
of  the  HV  series. 

Due  to  the  substrate  thickness  limitation  of 
approximately  0.040  Inches,  the  originally  proposed 
four- junction  rectifiers  were  found  dimensionally 
unsuitable.  Consequently,  two  batches  of  fifty 
rectifiers  per  batch  were  fabricated  as  single 
and  double-junction  rectifiers.  The  body  length 
of  the  single-junction  device  was  0.020  - 0.025 
Inches  and  for  the  two-junction  device  It  was 
0.030  - 0.035  Inches.  Both  types  of  rectifiers 
were  electrically  tested  at  3KV  dc  and  lOnA  maximum 
reverse  leakage  current.  The  tests  were  carried 
out  at  room  temperature  and  devices  with  leakages 
In  excess  of  lOnA  were  classed  as  rejects. 

The  single-junction  rectifiers  yielded  25%  of 
good  devices  and  two-junction  rectifiers  yielded 
45%  of  good  devices.  Because  of  poor  yields,  It 
was  decided  to  discontinue  all  further  work  with 
the  single-junction  devices. 

A batch  of  fifty  pieces  was  manufactured  as  three- 
junction  rectifiers.  The  yield  of  devices  with 
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reverse  leakage  at  2000V  below  2nA  was  85X. 

The  rectifier  body  length  was  between  0.038  to 
0,042  Inches.  The  three* junction  rectifiers 
would  appear  to  be  most  suited  for  this  appll- 

cation  regarding  voltage  rating  and  yields,  | 

j 

but  It  does  not  allow  to  meet  the  originally  | 

proposed  substrate  thickness  specification  of  | 

i 

0.040  Inches.  ^ 

2 . 3 Substrates  i 

j 

A small  number  of  substrates  (3)  was  assembled  ! 

using  the  two-junction  rectifiers.  The  substrate 
material  was  glass-filled  epoxy  board  0.060 
Inches  thick,  type  G-10,  supplied  by  Warehouse 
Plastics,  Toronto,  Ont,  The  rectifiers  were 
encapsulated  In  the  substrate  using  thermo- 
setting epoxy,  (Waterford  Specialties  type 

X-7902.).  The  assembled  substrates  were  lapped,  j 

by  hand,  on  400  grade  carborundum  paper.  The 

j 

object  of  this  exercise  was  to  evaluate  the  | 

assembly  technique  and  to  determine  the  optimum 
substrate  thickness  after  lapping.  The  final 
thicknesses  were  (1):  0.038  Inches,  (2):  0.041 

Inches,  (3):  0.041  Inches. 
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Three  rect1f1er«substrate  assemblies  were  manu- 
factured using  three-junction  rectifiers.  The 
final  lapped  thickness  of  the  assemblies  were 
(1):  0.052  Inches,  (2):  0.051  Inches,  (3): 

0.052  Inches. 

A sample  of  machinable  glass-ceramic  (Macor, 

Code  96581)  manufactured  by  Corning  Glass  was 
ordered  for  evaluation  purposes  and  as  an 
alternative  to  glass  epoxy  board  presently  used. 

2.4  Multipliers 

Three  multipliers  (units  1 to  3)  were  assembled 
In  a way  described  In  detail  In  the  First  Quarterly 
Report,  using  TSK  25-250  and  TSK  25-251  capacitor 
banks  and  standard  four-junction  high  voltage 
rectifiers  soldered  to  the  capacitor  pads.  One 
(unit  #4)  multiplier  was  assembled  using  capacitor 
banks  and  a prototype  substrate  made  with  two- 
Junctlon  high  voltage  rectifiers.  Connections 
between  the  substrate  and  the  capacitor  pads  were 
made  using  electrically  conductive  epoxy  (EPO-TEK 
410  of  Epoxy  Technology  Inc.,  Watertown,  Mass.). 


The  multiplier  efficiency  (at  no  load)  was  deter- 
mined at  different  levels  of  Input  voltage  at 
frequencies  of  25  and  40KHz.  After  completion 
of  those  tests,  multiplier  voltage  breakdown 
levels  were  determined. 
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Under  test, the  anode  of  the  Input  rectifier  was 
connected  to  ground  and  the  units  were  tested  In 
Fluorincrt  FC-43.  The  test  circuit  Is  given  on 
Fig.  5 and  the  test  results  In  Table  3. 

The  no-load  efficiency  readings  on  all  multipliers 
were  much  better  than  anticipated.  The  breakdown 
on  units  1,  2 and  3 occurred  In  all  cases  above 
the  maximum  voltage  given  In  Table  4.  In  all 
cases  the  breakdown  occurred  In  the  last  stage 
of  the  multiplier  and  manifested  as  a distinct 
puncture  through  the  dielectric  material.  Unit 
No.  4 withstood  an  Input  voltage  of  2000  volts 
and  no  physical  defects  could  be  detected  after 
the  tests. 

The  multiplier  efficiency  under  load  was  measured 
on  the  unit  No.  4 that  survived  breakdown  tests 
carried  out  on  prototype  multipliers  manufactured. 

The  Input  voltage  was  lOOOV  peak-to-peak  with  a 
frequency  of  40KHz.  The  results  are  given  In  Table 
5. 

The  multiplier  efficiency  under  load  conditions 
was  much  better  than  anticipated.  However,  the 
construction  of  the  tested  multiplier  did  not  conform 
to  the  proposed  design,  therefore,  the  efficiency 
results  are  not  necessarily  representative  of  what 
will  be  achieved  with  actual  parts. 
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CONCLUSIONS 

1.  The  first  prototype  sample  batch  of  capacitors 
was  electrically  tested  and  found  generally 
satisfactory,  but  further  Improvement  Is  ex- 
pected with  design  modifications. 

2.  A three-junction  high-voltage  rectifier  has  been 
chosen  for  the  multiplier  module  as  optimal  from 
the  point  of  view  of  performance  and  cost. 

3.  Rectangular  multipliers  were  fabricated  and  tested 
with  good  results. 


4.  PROGRAM  FOR  NEXT  QUARTER 


1.  Evaluate  the  redesigned  rectangular  capacitor 
banks. 

2.  Manufacture  prototype  multipliers  with  different 
capacKor  banks  and  rectif  1er-substrate-assemb1  les. 

3.  Manufacture  a large  batch  of  three-junction 
rectifiers. 

4.  Evaluate  the  curved  capacitor  bcnks. 
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PUBLICATION  AND  REPORTS 


No  reoorts  or  publications  were  made  on  the  work 
associated  with  this  program  during  the  current 
quarter. 


6.  IDENTIFICATION  OF  PERSONNEL 


I ^ 
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A brief  description  of  the  background  of  technical 
personnel  Involved  Is  Included  In  the  First  Quarterly 
Report.  Background  of  personnel  added  to  the  program 
during  the  second  quarter  follows. 

During  the  second  quarter  of  this  program  the  follow- 
ing persons  worked  In  their  area  of  responsibility: 

Hours 


Individual 

Responsibility 

Spent 

P.  Ransonr. 

General  Manager,  High  Voltage 
Products 

2 

A.  Kennedy 

Program  Manager  (until  March  25/77) 

356 

G.  Gordon 

Senior  Electronic  Engineer 

13 

D.  Platt 

Manager,  Quality  Assurance  & Control 

28 

D.  Archard 

Q.C.  Test  Technician 

58 

D.  Regan 

Senior  Engineering  Technician 

35 

V.  Glenn 

Q.A.  Assistant 

32 

13 


0.  ARCHARD 


Senior  Test  Technician 


PROGRAM  RESPONSIBILITY 


Design  and  construction  of  electrical  test  equipment  and 
related  fixtures. 

Test  and  evaluation  of  special  multiplier  designs. 

O.A.  functions  related  to  Engineering  samples  and  acceptance 
evaluations. 


CURRENT  ASSIGNMENT 


Responsible  for  the  Q.C.  Test  and  Inspection  Audit  of  all 
products  currently  being  manufactured  by  the  High  Voltage 
Rectifier  group. 

Q.C. /O.A.  related  duties  such  as  special  test  applications 
and  the  fabrication  of  equipment  and  fixtures. 


ACADEMIC  AND  PROFESSIONAL  BACKGROUND 


1969  Electronic  Technician  Diploma,  Loyalist 

College,  Ontario 

Various  Q.C.  Related  Courses. 

1971  - present  Employed  by  Erie  Technological  Products 

of  Canada  Ltd.,  as  a Q.C./Q.A.  Test 
Technician. 
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V.  GLENN 


Q.C.  Inspector 


PROGRAM  RESPONSIBILITY 


Test  and  evaluation  of  procured  materials  and  assemblies. 
Clerical  Duties. 

CURRENT  ASSIGNMENT 


Responsible  for  the  Q.C.  Receiving  Inspection  and  Test  of 
Procured  Materials. 

Secretarial  duties  to  both  Q.C./Q.A.  and  Engineering 
Department*;. 

Assistant  to  the  Q.C./Q.A.  Manager. 


ACADEMIC  AND  PROFESSIONAL  BACKGROUND 


1969 

1973 

1974 


Completed  Business  Course  - Bookkeeping, 
Typing,  Accounting  experience. 

Various  Data  Processing  Courses,  Loyalist 
College,  Ontario. 

Various  Q.C.  Related  Courses. 


1974  Electrical  Fundamentals  Course,  Loyalist 

College,  Ontario. 

1972  - present  Employed  by  Erie  Technological  Products 

of  Canada  Ltd. , as : 


1972  - 

Production  Assembler 

1973  - 

Q.C.  Inspector 

1975  - 

Q.C.  Inspector  - 

Lead  Hand 

1976  - 

Assistant  to  the 

Q.C./Q.A.  Manager 

D.P.  REGAN 


Senior  Engineering  Technician 


PROGRAM  RESPONSIBILITY 


Production  of  substrate  for  voltage  multiplier  modules 
plus  manufacture  of  jigs  and  fixtures  required  for 
Production  use. 


CURRENT  ASSIGNMENT 


Manufacture  or  modification  of  material  and  components 
for  use  by  High  Voltage  Engineering  and  Production  De- 
oartments.  Manufacture  or  modification  of  tooling,  jigs 
and  fixtures  for  use  by  High  Votlage  Production  Depart- 
ments. Manufacture  of  book  molds  for  making  components 
or  assemblies  for  High  Voltage  Engineering  and  Production 
Departments. 


ACADEMIC  AND  PROFESSIONAL  BACKGROUND 


Completed  4 year  S.T.&T.  course  at  East  Northumberland 
High  School  , 1965. 

Certified  Machinist  by  Ontario  Dept,  of  Labour,  1970. 


1974  - present 

1973-1.  ^ 
1970-1973 
1970 

1966-1970 


Employed  as  Sr.  Eng.  Technician  by 
Erie  Technological  Products  of  Canada 
Ltd. 

Machine  Operator,  L.C.  Shewman  Co,, 
Wooler,  Ont. 

Machine  Operator,  Bata  Engineering, 
Batawa,  Ont. 

Finishing  Lathe  Operator,  Canadian 
Flight  Equipment,  Trenton,  Ont. 

Apprentice,  Bata  Engineering,  Batawa, 
Ont. 


BTSK-25-252 


(2)  Dotted  lines  represent  functlonel  blocks. 

I 

EnUIfMENT: 

DSC.  - Osclllitor,  Hewlett  Peckard  Hodel  fZOOCDR 

RMp.  . Annllfler,  Boqen  Model  #NO-IOOA  ] 

XF"P.  - Horizontal  Output  Transfonaer;  Chicago  Stadard  Transforoer  Corp, , Model 

IAB127.  \ 

Vi  - Voltneter,  niqltec  Model  #201 

f - Electronic  Counter.  Hewlett  Packard  Model  I5321A 

n,  - Oscilloscope,  Tektronix  Model  #536 

O,  - Oscilloscope,  Hewlett  Packard  Model  #120AR 

JP.  - Jenninos  Probe,  Erie  Model  #TtX-105-300 

Vi  - Taunt  Band  Electrostatic  Kllovoltaeter.  High  Voltage  Measureaent  Inc., 

Model  KVE  (5,  15,  30  XV  ranges) 

D.U.T.  - Device  Under  Test  (I.e.  Voltage  Multiplier) 

Ri  - 1.0  Meqoha  Variable,  10  Turn  Potentloaeter  for  calibration  adjustaent 

Rt  - 1.0  Meqoha,  lOS 

P,  - 1.0  Oiooha,  ISf,  ISKV 

R,  - 1.0  Klloha,  lOS,  2U  ; 

j 

1 

FIG.  5.  i 
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CHARACTERISTICS  OF  TYPE  TSK*^25>250  CAPACITOR 


1 


PAD 

Cx 

B no  bias 
(pF) 

D.F. 

(*) 

8 6KV 
(pF) 

LEAKAGE 
CURRENT 
8 6KV 
(nA) 

vb 

(KV) 

FLASH- 
TEST 
8 9KV 

B 

88.7 

0.36 

62.1 

10 

7.9 

FAIL 

B 

88.3 

0.36 

61.3 

12 

7.9 

FAIL 

D 

51.0 

0.22 

35.7 

12 

8.1 

FAIL 

D 

58.0 

0.23 

40.6 

11 

7.9 

O.K. 

E 

90.0 

0.37 

63.0 

13 

7.5 

FAIL 

■ 

84.1 

0.32 

58.9 

13 

8.5 

FAIL 

TABLE  1 
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CHARACTERISTICS  OF  TYPE  TSK-25-251  CAPACITOR 


PAD 

9 no  bias 
(pF) 

D.F. 

(*) 

9 6KY 
(pF) 

LEAKAGE 
CURRENT 
9 6KV 
(nA) 

vb 

(KV) 

FLASH- 
TEST 
9 9KV 

A 

23.5 

0.12 

16,5 

8 

> 9 

FAIL 

B 

64.6 

0.25 

45.2 

9 

> 9 

FAIL 

C 

65.4 

0.28 

45.8 

10 

> 9 

FAIL 

0 

23.6 

0.15 

16.5 

10 

> 9 

FAIL 

E 

51.2 

0.21 

35.8 

10 

> 9 

FAIL 

D 

63.8 

0.27 

44.7 

11 

> 9 

FAIL 

B 

54.0 

0.30 

37.8 

10 

> 9 

FAIL 

TABLE  2 


25 


•«i  •> 

ae 


m m 
cr>  o> 

00  CTl 

o\  o\ 

!>.  Cs. 

o\  o> 

VO  m 

o%  OV 

VO  VO 
ov  OV 

VO  VO 
ov  CTV 

VO  VO 
C7V  OV 

ov  C7V 

VO  VO 
o>  ov 

^ CM 

m 00 

•-)  O 

o\  o> 

CO  o 

oo 

ov  o 
m VO 

o o 

CM  CM 

VO  LO 

c*.  r-^ 

LO  LO 

<T>  ov 

oo 

|s.t«- 

rH  •-< 

CM  CM 

VO  VO 

LO  LO 

VO  VO 

00  00 

m m 

<Ti  o* 

00  Ot 
Ot  CT» 

a\  o\ 

VO  m 
ov  Ov 

VO  vr» 
ov  ov 

«0  VO 
OV  OV 

VO  VO 

ov  ov 

VO  VO 
CTv  cn 

VO  VO 
CJV  OV 

.11 

.11 

t^OO 

rvfN. 

o o 
o\  o\ 

CM  1-4 

oo 

o CO 

VO  VO 

o o 

Cv|  CM 

LO  LO 
r«H 

oo 
ov  ov 

o o 

1^  t>. 

rH  vH 

r-4  ^4 

CM  CM 

VO  LO 

in  in 

VO  VO 

00  00 

-.M  «SJ 
m O) 

00  <T\ 
0>  Ch 

Cv  fN. 

o>  o\ 

a\  a\ 

nt  m 
ovov 

^ »a- 
ov  ov 

CM  CM 

c^  o> 

CO  m 
cn  CO 

LO  m 
ov  ov 

oo 

««4  fM 

r>  00 
r» 

o o 
o>  o> 

m CO 
ovo» 

CM  o 
VO  m 

o o 

o o 

LO  LO 

oo 

r^r>- 

o o 

VO  VO 

• • 

« « 

• « 

<NJ  CM 

• • 

CO  CO 

• « 

• • 

in  in 

• • 

in  in 

• • 

iO  ID 

• • 

00  00 

CO  m 
<T>  C> 

rvfs. 
Ot  O) 

r>.  VO 
ov  c?v 

^ in 
o»  o> 

^ m 
ov  ov 

o>  a\ 

LO  LO 
CTV  OV 

a>  o> 

in  in 
C7\  0> 

CJ  ^ 

m m 

fv  rs. 

o ov 
cav  00 

VO  00 
o>  ov 

f»>  ^ 
VO  VO 

o o 

o o 
r>.  r-. 

o o 
00  00 

o o 

VO  VO 

CM  CM 

CO  CO 

VO  VO 

LO  LO 

VO  VO 

00  00 

m c 

m o 

CM  ^ 

m o 

CM  ^ 

m o 

CM  ^ 

m o 

CM  ^ 

VO  O 
CM  <0- 

LO  O 
CM  ^ 

LO  O 
CM  U- 

m o 

CM  ^ 

<vi  <M  mm  mm 


Input  frequency:  40KHz 

Devices  Immersed  in  Fluorinert  FC-43 
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MULTIPLIER  UNIT  14  EFFl 
Test  Conditions:  Input  Voltage: 


1 i 

Li  , 

i ' 

Frequency: 

r 

LOAD 

OUTPUT 

6 

CURRENT 

VOLTAGE 

1 

[' 

S 

(nA) 

(KV  dc) 

f 

0 

5.80 

i' 

i 

10 

5.78 

r 

1 

1 

50 

5.78 

i 

t. 

100 

5.77 

300 

5.76 

500 

5.75 

1 

700 

5.75 

lENCY  UNDER  LOAD 


1000  Vp>p 
40KHZ 


EFFICIENCY 

(X) 

96.75 

96.40 

96.40 

96.20 

96.00 

95.80 

95.80 


niSTRIBUTION  LIST 


ADDRESS 


Director 

Nioht  Vision  Laboratory 
USAECnw 

ATTN;  DRSEL-NV-SD 
(Mr.  H.  Finkelstein) 

Fort  Belvoir,  Virginia  22060 

Director 

ATTN:  DRSEL-RD-EV 

(Mr.  Soo  Young  Shin) 

Fort  Belvoir,  Virginia  22060 

Commander 

U.S.  Army  Production  Equipment  Agency 
ATTN:  AMXPE-MT 

(Mr.  C.E.  McBurney) 

Rock  Island,  Illinois  61201 

ITT 

Electron  Tube  Division 
Attention:  Mr.  A.  Hoover 

Post  Office  Box  7065 
Roanoke,  Virginia  24019 

Mi -Tec 

Night  Vision  Technology  Corporation 
Attention:  Mr.  Ferd  Fender 

7426  Linder  Avenue 
Skokie,  Illinois  60076 

RCA 

Main  Plant 

Electronics  Components  Division 
Attention:  Mr.  Richard  Mangen 

New  Holland  Avenue 
Lancaster,  Pennsylvania  17604 

Varo,  Incorporated 
Attention:  D.  Lipke 

2203  Walnut  Street 
Garland,  Texas  75040 

Galileo  Electro  Optics  Corporation 
Attention;  J.  Zaghi 
Galileo  Park 

Sturbridge , Massachusetts  01518 


COPIES 

3 


1 

1 


1 


1 


1 


2 

2 


ADDRESS  COPIES 


Channel  Products  Incorporated  1 

Attention:  Mr.  D.  Berlincount 

16722  Park  Circle  Drive,  West 
Charqrin  Falls,  Ohio 

Venus  Scientific  1 

Attention:  Mr.  F.  Gallunpi 

399  Smith  Street 
Farminqdale,  N.Y.  11735 

L & K Industries  1 

Attention:  Mr.  L.  Kastner 

3579  Merrick  Road 

Seaford,  Long  Island,  New  York  11783 

Gulton  Industries  1 


Piezo  Products  Division 
Attention:  Mr.  D.  Herzfeld 

Box  4300 

Fullerton,  California  92634 

K & M Electronics  1 

59  Interstate  Drive 

West  Springfield,  Massachusetts  01089 


Defense  Documentation  Center  12 

ATTN:  DDC-IRS 

Cameron  Station 
Building  5 

A1 exandri a,  Virginia  22314 


Honeywell,  Incorporated  1 

Government  and  Aeronautical  Products  Division 
Ceramics  Center 

Golden  Valley,  Minnesota  55422 


Director  1 

National  Security  Agency 
ATTN:  TDL 

Fort  George  G.  Meade,  MD  20755 


Office  of  Naval  Research 
Code  427 

Arlington,  VA  2217 

Air  Force  Avionics  Lab 

ATTN:  AFAL/DOT,  STINFO 

Wri ght-Patterson  AFB,  OH  45433 


1 


1 
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ADDRESS 


Ofc,  Asst  Sec  of  the  Arniy  (R&D) 

ATTN:  Asst  for  Research 

Room  3-E-379,  The  Pentagon 
Washington,  DC  20310 

Commanding  General 

U.S.  Army  Research  A Development  Command 

ATTN:  DRCMA-EE 

5001  Elsenhower  Blvd. 

Alexandria,  VA  22233 

C6,  U.S,  Army  Missile  Command 
Redstone  Scientific  Infor  Ctr. 

ATTN:  Chief  Document  Sect. 

Redstone  Arsenal , AL  35809 

Reliability  Analysis  Center 
RADC  (RBRAC) 

ATTN:  I.L,  Krulac 

Griffiss  AFB,  New  York  13441 

Commander 
Aqlln  AFB 
AtTN:  CPT  Baker 

Valparlso,  FL  32542 

Director  Night  Vision  Lab. 

ECOM 

ATTN:  DRSEL-NV-II 

Mr.  Joseph  Martino 
Ft.  Belvoir,  VA  22060 

Commander 

Air  Force  Avionics  Lab  AVTM 
ATTN:  Dr,  Ronald  Belt 

Wrlght-Patterson  AFB,  OH  45433 

Boll  Northern  Research 
ATTN:  Technical  Library 

PO  Box  3511,  Station  C 
Ottawa,  Ontario,  Canada 


COPIES 

1 

1 


1 

1 

1 

1 


1 

1 


ADDRESS 


COPIES 


Fairchild  Semiconductor  Research  & 1 

Development  Laboratory 
ATTN:  Dr,  James  M.  Early 
4001  Miranda  Ave. 

Palo  Alto.  CA  10504 

fieneral  Electric  1 

Research  A Development  Center 
ATTN:  Dr.  J.J,  Tiemann 

Schenectady,  N.Y.  12305 

Naval  Research  Lab.  1 

ATTN:  Dr.  David  F.  Barbe 
(Code  5260) 

4555  Overlook  Ave. 

Washinqton,  D.C.  20375 


Mr.  W.H,  Dodson  1 

Sandia  Laboratories  Div.,  2116 
Albuquerque,  N.M.  87115 

Dr.  Patrick  J.  Vail  1 

Air  Force  Weapons  Lab. 

Kirtland  AFB,  N.M.  87117 

Carmine  J.  Salvo  1 

Rome  Air  Development  Ctr. 

Griffiss  AFB,  N.Y.  13441 

Dr.  Barry  Dunbridge  1 

TRW  Systems  Group 

One  Space  Park 

Redondo  Beach,  CA  90278 

AFAL/TEA  1 

ATTN:  Fritz  Schuermeyer 

Wri qht-Pa tterson  AFB,  Ohio  54433 

Naval  Ordnance  Lab.  1 

ATTN:  Mr.  Frederick  E.  Warnock 

White  Oak,  MA  20910 

Dr.  H.A.R.  Weqener  1 

Sperry  Rand  Research  Center 
Sudbury.  MA  01776 

Mr.  James  Doyle  1 

General  Electric  Defense 
Electronics  Division 
Utica,  N.Y.  13503 
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ADDRESS 


Mr,  F.B.  MichelettI 
Electronics  Research  Division 
Rockwell  International 
3370  Miralotna  Avenue 
Anaheim,  CA  92803 

Or,  Andrew  Ticki 
Nitron  Corporation 
1Q420  Bubb  Road 
Cupertino,  CA  95014 

Commander 

RAi)C 

ATTN;  RBRM/Mr,  J,  Brauer 
Rriffiss  AFB,  N,Y.  13441 

Dr.  Gerald  B.  Herzog 
Solid-State  Technology  Center 
RCA  David  Sarnoff  Research  Ctr 
Princeton,  M.J.  08540 

Or,  George  E.  Smith 

Bell  Telephone  Laboratories,  I 

Room  2A-323 

Murray  Hill , M.J.  07974 
Di rector 

Defense  Communications  Agency 
Technical  Library  Center 
Code  205  (P.A.  Tolovi) 
Washington,  D.C.  20305 

Institute  of  Defense  Analysis 
Arlington,  VA  22209 

Or.  Gordon  E.  Moore 
Intel  Corporation 
3065  Bowers  Road 
Santa  Clara,  CA  95951 

Commander 

Harry  Diamond  Laboratories 
ATTN:  Mr.  A.J.  Baba 

2800  Powder  Mill  Road 
Adelphi,  MP  20783 


ADDRESS 


COPIES 


Naval  Electronic  Laboratory  Ctr.  1 

ATTN:  Mr.  C.E.  Holland,  Jr.  (Code  4300) 

2!71  Catalina  Blvd. 

San  Dieqo,  CA  92152 

Mr.  R,  Weglein  1 

Huqhes  Research  Laboratories 
3011  Malibu  Canyon  Road 
Malibu,  CA  09265 

Sperry  Rand  Research  Center  1 

100  North  Road 

Sudbury,  MA  01776 

ATTN:  Dr.  H.  Van  De  Vaart 

Westinghouse  Electric  Corp.  1 

Research  & Development  Center 
Beulah  Road 
Pittsburgh,  PA  15235 

Stanford  Research  Institute  1 

Menlo  Park,  CA  94025 
ATTN:  Dr.  A.  Bahr 

CO,  USA  Foreign  Science  Div.  1 

ATTN:  AMXST  CE  Division 

220  Seventh  St.  NE 
Charlottesville,  VA  22901 

U.S.  Army  Research  Of f Ice-Durham  1 

ATTN:  CRDARD-IP 

Box  CM,  Duke  Station 
Durham,  N.C.  27706 

U.S.  Army  Research  Ofc-Durham  1 

ATTN:  Dr.  Robert  J.  Lontz 

Box  CM,  Duke  Station 
Durham,  N.C.  27706 

USA  Security  Agency  1 

ATTN:  lARD 

Arlington  Hall  Station,  Bldg  420 
Arlington,  VA  22212 

Director  1 

U.S.  Army  Adv  Matl  Concepts  Agency 
ATTN:  AMXAM 

Washington,  D.C.  20315 
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ADDRESS 


COPIES 


Commanding  General  1 

U.S.  Army  Research  & Development  Command 
ATTN:  DRCRD-R 

50001  Elsenhower  Blvd. 

Alexandria,  VA  22333 

Commanding  General  1 

U.S.  Army  Missile  Command 
ATTN:  DRSMI-RFG  (Mr.  N.  Bell) 

Redstone  Arsenal,  AL  35809 

Commanding  Officer  1 

Harry  Diamond  Laboratories 
ATTN:  DRXDO-RCB  (Mr.  Nemarich) 

Washington,  D.C.  20438 

Commanding  Officer  1 

USA  Satellite  Comm  Agency 

ATTN:  DRCPM-SC-3 

Fort  Monmouth,  N.J.  07703 

U.S.  Army  Liaison  Office  1 

MIL>L1nco1n  Lab,  Room  A-210 
P.O.  Box  73 
Lexington,  MA  02173 

Chief,  Intell  Mat!  Dev  Office  1 

Electronic  Warfare  Lab,  ECOM 
Fort  Holabird,  MD  21219 

Commander 

U.S.  Army  Electronics  Command  3 

ATTN:  DRSEL-PP-I-PI-1 

(Mr.  David  Biser) 

Fort  Monmouth,  N.J.  07703 

Advisory  Gp  on  Electron  Devices  1 

201  Varick  St.  9th  Floor 
New  York,  N.Y.  10014 

U.S,  Army  Electronics  Command  1 

Chief-Intelligence  Material  Development  Office 
Electronic  Warfare  Laboratories 
Fort  Holabird,  MD  21219 
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